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be wafted down a metallic tube three or more metres long by 
a draught of air—a crucial test which I believe to have been 
the first to make, though Mr. Bidwell does not affirm it. If 
charged particles, dissociated particles, and the like are sucked 
down there, I must insist that the said charged or dissociated 
particle—whatever befall it—is a particle still ! If it is not 
small enough, it will fail to stimulate condensation in any case or 
theory. If it is small enough, it must produce nuclear condensa¬ 
tion per se, no matter how the particle is otherwise conditioned. 

Aside from this, the electrical theory becomes more seriously 
entangled by the fact that the jet itself is no mean generator of 
electricity. I made a few tests on this point in the line of 
Faraday’s classical researches, and obtained marked charges from 
the jet, increasing with its intensity. 

(5) I cannot claim much indulgence for my experiments in 
air filtration, though I went through them laboriously enough. 
But the work taught me, at least, the extreme elusiveness of 
such a thing as “dust-free” air. Naturally I am biassed, 
therefore, in regard to arguments, in the present case, based on 
filtration. Suppose an oxyhydrogen flame burning in filtered 
air is an active dust producer. The question at once arises on 
what kind of hearth is the flame kindled : if it burns from a 
glass tube, then sodium is probably volatilised ; if from a metallic 
tube, then the metal is similarly in danger; if from no base 
at all, then where is the flame ? In what does the remarkable 
activity of flames really consist ? Most reasonably, it seems to 
me, in this, that particles therein entrapped are (as a rule) at 
once volatilised\ so that for each single particle we have now a 
whole cloud of active nuclei precisely the kind wanted in § 2 ; i.e. 
myriads of them, all in that extreme degree of tenuity which 
best promotes condensation. In my work, glowing smokeless 
charcoal often did better service than flames. Alkalies are here 
ready for volatilisation. In general, hot flames are more active 
than colder flames (Helmholtz), and they should be where dis- 
gregation is needed. 

Finally, a word with regard to red-hot platinum, “ Here,” 
says Mr. Bidwell, “there can be no nuclei formed of 
products of combustion, for there is no combustion, 
simply ignition and incandescence.” Is it possible that Mr. 
Bidwell is not aware that red-hot platinum is particularly 
remarkable for scattering small solid particles from 
its surface? If so, he has narrowly escaped being overwhelmed 
by the literature of the subject. Aside from this, what may be 
the nature of platinum dissociated at red heat? 

(6) To conclude : I cannot discern that the proof of anything 

beyond condensation of supersaturated steam, induced by mere 
“ inert ” nuclei, has yet been given. Nothing is even said of 
atmospheric air, which indoors or out, stagnant or fresh, is always 
active ; nor is it even hinted at that the effect of dust is merely 
an accentuation of the effect produced by such air; that dust- 
stimulated condensation differs merely in degree, by no means 
in kind, from jet condensation in air. Air nominally purified 
needs only a higher degree of supersaturation to evoke conden¬ 
sation running through the whole gamut of colours. There 
are no hard drawn lines. I wish there were. Indeed, 
I wish the proof in question could or had been adduced, for, 
together with my colleague Prof. F. H. Bigelow, I am well 
aware of the important meteorological consequences to which 
this result would lead. But before I can break away from the 
time-honoured point of view, so safely trussed by the Kelvin 
formula, the experimental evidences forthcoming must be as 
rigorously “dust-foil” as the clear conscience with which I 
am disposed to admit them. Carl Barus. 

The Smithsonian Institution, Washington, D.C., U. S.A. 


The Origin of Lake Basins. 

The question of the origin of lake basins has again been 
raised, and, unfortunately, theie is even now the same diamet¬ 
rical opposition between the views of the glacialists and their 
adversaries. Though the old lines of argumentation, perhaps, 
have not been followed out with sufficient perseverance,new start¬ 
ing-points certainly seem desirable. I should therefore like to 
challenge the criticism in your columns on a demonstration of 
the glacial origin of the greatest fjord basins in Norway. 

On the western coast of Norway we have the well-known 
series of great fjords, generally of enormous depth, about 400 
fathoms in Hardangerfjord, 600 in Sognefjord, and 300 in Nord- 
fjord, to take only the greatest. The heads of the innermost 
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branches are nowhere at a greater distance than some twenty 
miles from the watershed of the country, and the necks between 
them nowhere as much as forty miles. When for some reason, 
change of climate or rise of land, the snow began to gather 
on the neighbouring plateau, the highest in Scandinavia, glaciers- 
would creep down the steep slopes and valleys, and immediately 
get to the deep fjords. But here the glacier ends must needs be 
carried away or dissolved as fast as they came on. By the neces¬ 
sarily slow growth of the narrow neves, it is impossible that the 
glaciers could advance at once with so great dimensions that 
the fjords were not able to master them successively. Over the 
narrow necks between them an ice cap certainly might push 
farther out, but as there is less than twenty miles to draining 
outlets on either side, this cap could attain no considerable 
thickness, and bring no great ice flow westwards from the high 
land behind. On the lower foreland, near the coast-line, there 
is nowhere sufficient gathering basin for a great neve, and the 
small fjord branches could easily drain their eventual surplus. 
My opinion is, then, that no great inland ice could possibly ad¬ 
vance farther west in Norway than to the close set row of fjord- 
heads. 

It may be said that the whole country in the great Ice Age 
was somiuch elevated that the fjords were only dry valleys. 
But no amount of elevation could ever drain fjord troughs gen¬ 
erally 300 to 600 fathoms deep, and only 100 to 150 wide at the 
brim. And an adequate differential lift of the inner side of the 
troughs would give the old palaeozoic mountains in Norway the 
height of the youngest mountain ranges, and is on the face of it 
impossible. It may be further said that ice from the high land 
behind the watershed might have contributed to the supply,, 
and that the glaciers then would be large enough. But even in this 
case they must needs commence as small ice tongues, which 
would be cut off successively; and the boulders show that no 
transport from any distance behind the watershed took place 
during the great Ice Age. 

The idea I have put forward is capable of maintaining itself by its 
own power, but its position is greatly strengthened by direct facts. 
It can be demonstrated that a great inland ice has tried to advance 
from the high land westward beyond the fjord heads, and signally 
failed. This was the case in the last Ice Age, of which we can 
trace all the prominent signs. As the ice cap was not able to 
build itself up to any great dimensions near the western preci¬ 
pices to the fjords, its greatest height was piled up farther to the 
south-east, and the ice shed was drawn in the direction of the 
eastern margin, down the eastern valleys. From this time we find 
boulders transported up the eastern slope from a distance up to 
eighty miles trom the watersheds, and these boulders can be 
followed in great heights in the western valleys only to the 
fjord-heads, when they suddenly drop down to the old sea 
beach. This shows, beyond all doubt, that the glaciers from 
the second inland ice which far away to the south-east laid up 
the upper till in Prussia, on the north-western side, only reached 
the fjord-bottoms, and were not able to fill the fjords. We 
have in this an empirical proof of my idea. An inland ice is 
really not able to advance beyond a close set row of deep 
depressions as the Norwegian fjords. 

But yet we have unquestionable proof that the exterior part 
of the west coast was extremely glaciated. Just in the mouth of 
the great Sognefjord itself we have the Sulen Isles with rock 
scorings and eastern erratics (but none from behind the water¬ 
shed) up to 1800 feet above sea level, 5400 feet above the fjord 
bottom. How can these boulders have been transported across 
this abyss when no inland ice could ever have advanced beyond 
the fjord head, and no local glaciers from the peninsula on 
either side could ever have crossed the deep channels, or piled 
itself up to sufficient height here only a few miles from the 
steep slope to the Atlantic Ocean basin? I cannot see any way 
to account for these facts other than by the supposition that the 
fjords or depressions of the same kind and depth did not exist 
when the first great inland ice was forming, but were quite 
completed when the second (and last) commenced. Ergo, the 
Norwegian fjords are of early glacial or interglacial origin. 

At this point of my reasoning comes in the conclusive series 
of arguments which puts any other origin than glacial erosion 
quite out of question for this peculiar flat troughs in old solid azoic 
and palaeozoic country. I wish to lay especial stress upon the fact 
that Norwegian geologists for many years have laid great weight 
upon the really marvellous circumstance of lake-distribution 
only in glaciated districts, as one of the best of the many in¬ 
direct proofs of the glacial origin of rock basins. I should think. 
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however, that when the origin in glacial time of the grand 
Norwegian fjords is sufficiently proved, their origin by glacial 
forces will be more easily granted. The same may certainly be 
said of the far smaller lake basins in Norway, for which an 
analogous demonstration can be given. That the fjords now 
must really be of pleistocene origin is the point I wish to make 
in this letter. Only if anyone can, in a simple manner, explain 
how an inland ice could be able to pass the close set row of fjord 
heads, is it possible to dismiss my argument. 

Andr. M. Hansen. 

University Library, Kristiania, January 29. 


A FEW words are due from me in reply to the kindly criticisms 
of my suggestion regarding the erosion of rock basins that have 
appeared in Nature since its publication on November 9, 
1893. 

In the first place, I must apologise to Sir H. Howorth for 
having misunderstood his remarks on the plasticity of ice in 
his letter of July 13, a misunderstanding due, of course, to my 
not having had an opportunity of reading the chapter devoted 
to the subject in his book. Unfortunate!)'the libraries of our. 
small outlying stations in India do not as a rule provide us with 
works of scientific interest, and the conditions of life of most 
of us who take an interest in such subjects out here force us to 
content ourselves with the possession of very few books of the 
kind, and only those that are absolutely necessary for our 
work. Provided that it is admitted that the plasticity of 
glacier ice is sufficient to allow motion in the upper layers of a 
glacier, even when it rests on a nearly level surface, it does not 
matter, so far as my hypothesis is concerned, whether the 
bottom layers move or not, for a movement of the upper layers 
alone is required to enable the “ moulins ” to transfer their action 
from place to place, and in time to exert their force on every 
part of the rock surface beneath that portion of the glacier. 

That the action of the “ moulins” is not so restricted as would 
appear from Prof. Bonney’s letter in Nature of November 16, 
1893, can, I think, hardly be doubted by any one who has traversed 
a Himalayan glacier of the kind I have described, on a hot 
summer’s day. Hundreds of them may be seen in action in 
every direction, and, given sufficient time, their aggregate 
effect in wearing down the rock surface must be very large. I 
have noticed the dry shafts mentioned by Prof. Bonney in front 
of an active “ moulin,” but do not see why they should not be 
accounted for by the opening of a new crevasse, without having 
to suppose that the new crevasse was in the same position as the 
old one. The crevasses to which I refer are mostly very narrow, 
easily stepped across in many cases, and do not appear to ex¬ 
tend far down into the glacier, so that they are probably due to 
some other cause than an unevenness of the rocky floor, which 
would cause them to form in succession at the same point, and 
their number would give the “ moulins ” plenty of opportunity 
to attack the whole surface in course of time. Besides, the 
wearing away of any inequality that did exist, tvould surely cause 
the crevasse to open at some other point, if it were due to that 
cause, and the “ moulin ” would thus be enabled to shift its 
point of attack. The very rarity, too, of such collections of 
“ giant’s kettles ” as that at Lucerne would seem to show that it is 
seldom that the “ moulins ” keep working at one point for any 
length of time. I did not mean to suggest, of course, that any lake 
basin had been due to the action of one “ moulin ”; the hollow 
ultimately produced need not bear any relation in form to the 
individual “ giant’s kettles ” that gave rise to it ; indeed, there 
is no necessity that a real “giant’s kettle ” should be formed at 
any one point. Just as in the case of a drill moved over the 
surface of a piece of wood, the pattern ultimately produced need 
bear no relation to the form of the drill. 

If we except the doubtful action of the iceiitself, I do not know 
of any agent that will produce a rock-enclosed hollow in the 
course ot a river channel, but falling water, aided by boulders and 
sediment. Such a hollow may be seen at the foot of any water¬ 
fall, even of moderate height. 

In calling attention to the rarity of true rock basins in the 
Himalayas, an expression that Mr. Oldham takes exception to, 

I should have said lake basins, that is, lakes lying in true rock 
basins. As I pointed out, any hollows that may have been 
formed beneath a pre-existing glacier have been filled with 
debris, but it is very likely that such hollows do occur beneath 
the extensive flats found at the foot of the larger glaciers, as in 
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the case of the one shown in the view given in my paper. Of 
course, where such hollows occur in positions where it is im¬ 
possible that glaciers ever existed, as in eastern Batuchistan, 
they must be accounted for in other ways. My suggestions were 
not intended to account for all rock basins, but merely to apply to 
those which occur in now or formerly highly glaciated regions, 
where it seems possible that there is an intimate connection be¬ 
tween the excavation of the basins and the existence of glaciers. 

Sukkur, January io. T. D. LaTouche. 


A Plausible Paradox in Chances. 

It seems worth while to record the following pretty statis¬ 
tical paradox as a good example of the-pitfalls into which persons 
are apt to fall, who attempt short cuts in the solution of 
problems of chance instead of adhering to the true and narrow 
road. It is true that the paradox would excite immediate 
suspicion in the mind of any one accustomed to such pro¬ 
blems, but I doubt if there are many who, without recourse 
to paper and pen, could distinctly specify off-hand where the 
fallacy lies. It will be easy for the reader to make the 
experiment of his own competence to do so after reading to the 
end of the second of the two following paragraphs. 

The question concerns the chance of three coins turning up 
alike, that is, all heads or else all tails. The straightforward 
solution is simple enough; namely, that there are 2 different 
and equally probable ways in which a single coin may turn up ; 
there are 4 in which two coins may turn up, and 8 ways in which 
three coins may do so. Of these 8 ways, one is all-heads and 
another all-tails, therefore the chance of being albalike is 2 to 8 
or 1 to 4. 

Against this conclusion I lately heard it urged, in perfect good 
faith, that as at least two of the coins must turn up alike, and 
as it is an even chance whether a third coin is heads or tails \ 
therefore the chance of being all-alike is as 1 to 2, and not as 
1 to 4. Where does the fallacy lie ? 

It lies in omitting one link in the chain of the argument as 
being unimportant, whereas it is vital. This omitted link is 
distinguished by brackets and is numbered (3) below. The 
reasoning then stands 

(1) At least two of the coins must turn up alike, 

(2) It is an even chance whether a third coin is heads or 
tails. 

[(3) Therefore, it is an even chance whether the third coin is 
heads or tails. (Here is the error}.] 

The true state of the case is seen by writing out the eight 
several events, as in the table below. 


The eight equally 
probable events. 
h = heads, t — tails. 

The two letters that are 
alike in each case. 

The third letter 
in each case. 

hhh 

li h 

h 

h h t 

h h 

t 

h t h 

h h 

t 

hit 

t t 

h 

t h h 

h h 

t 

t h t 

t t 

h 

t t h 

t t 

h 

ttt 

t t 

t 


No. 2 in the argument is justified by the total number of 
the A’s in the third column being equal to that of the f s, while 
No. 3 is obviously not justified. In the particular 8 events 
with which we are concerned, an hk is associated with a 
t three times as often as with an h t and a 11 is associated with an 
h three times as often as with a t. Hence as the combination 
hhh is one-third as frequent as that of any 2 h's and 1 t, and as 
ttt is one-third as frequent as any combination of 2 t’s and I h t 
and, lastly, as the two classes of combinations are equally 
frequent, it follows that the frequency of the all-alike cases is to 
that of the remainder as 1 to 3, or to that of the total cases as 
1 to 4, which is the result first arrived at. 

I amused myself with testing the theoretical conclusion by 
making 120 throws of dice, 3 dice in each throw; the odd 
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